Coffee is one of the most valuable agricultural commodities and ranks second on international trade exchanges. The genus Coffea belongs to the Rubiaceae family which includes other important plants. The genus contains about 100 species but commercial production is based only on two species, Coffea arabica and Coffea canephora that represent about 70 % and 30 % of the total coffee market, respectively. The Brazilian Coffee Genome Project was designed with the objective of making modern genomics resources available to the coffee scientific community, working on different aspects of the coffee production chain. We have single-pass sequenced a total of 214,964 randomly picked clones from 37 cDNA libraries of C. arabica, C. canephora and C. racemosa, representing specific stages of cells and plant development that after trimming resulted in 130,792, 12,381 and 10,566 sequences for each species, respectively. The ESTs clustered into 17,982 clusters and 32,155 singletons. Blast analysis of these sequences revealed that 22 % had no significant matches to sequences in the National Center for Biotechnology Information database (of known or unknown function). The generated coffee EST database resulted in the identification of close to 33,000 different unigenes. Annotated sequencing results have been stored in an online database at http: //www.lge.ibi.unicamp.br/cafe. Resources developed in this project provide genetic and genomic tools that may hold the key to the sustainability, competitiveness and future viability of the coffee industry in local and international markets. Key words: Coffea, cDNA, EST, transcriptome.
INTRODUCTION
Coffee is an important agricultural commodity produced in more than 60 countries. It generates a turnover of US$10-12 billion per year and ranks second on international trade exchanges, representing a significant source of income to several developing countries in Africa, Asia and Latin America. Brazil, Vietnam and Colombia are responsible for about 50 % of the world-coffee production, and Brazil alone responds for more than one third of the global coffee production and exports. This fact ranks coffee amongst the most important commodities in the Brazilian trade balance.
The genus Coffea belongs to the Rubiaceae family, found throughout the tropics, which includes other important plants. About 100 species of the genus Coffea have been identified so far (Bridson and Verdcourt, 1988) , most of them trees and shrubs growing at low altitudes in the tropical rain forests of Africa and Asia (Sondahl et al., 1992) . Commercially, production relies only on two species, Coffea arabica L and Coffea canephora Pierre ex Froehner, which represent about 70 % and 30 % of the total coffee market, respectively. All known species are diploid (2n=22 chromosomes) and obligate outbreeders with self-incompatibility systems, except for C. arabica which is allotetraploid (2n=4x=44) and self-fertile at approximately 90 %. (Charrier and Berthaud, 1985) .
C. arabica, providing Arabica coffee, was first described by Linnaeus in 1753.The botanical evidence indicates that the coffee plant C. arabica originated on the plateaus of central Ethiopia where it still grows wild. The species C. arabica L. is endemic in Southwest Ethiopia and probably originates from a relatively recent cross between Coffea eugenoides and Coffea canephora (Lashermes et al., 1993) as indicated by chloroplast restriction fragment length polymorphism (RFLP) analyses (Lashermes et al. 1996) . The nuclear DNA content of C. arabica determined by flow cytometry is 2.4 pg, or 2X=1158 Mb (Arumuganathan et al., 1991) . C. arabica is the most cultivated species, occupying 75 % of the coffee plantations around the world. The quality of the beverage is potentially excellent, being known in the trade as mild coffee. Several cultivars have been described for C. arabica, but because of the narrow genetic basis of the species, phenotype differences among the cultivars are due mainly to single gene mutations.
The species C. canephora is the diploid species most widely cultivated around the world. It is self-sterile and cross-pollinated and consequently displays much more variability than C. arabica. C. canephora is better adapted to warm and humid equatorial climates and is frequently cultivated in low to medium altitudes. Robusta coffee is grown in West and Central Africa, throughout Southeast Asia and in Brazil, where it is also known as Conilon. The quality of the beverage made from C. canephora is generally regarded as inferior to that made of C. arabica. However, C. canephora is more resistant to adverse conditions than Arabica, particularly to several diseases and pests. Another diploid coffee species originating from Mozambique, C. racemosa, is characterized as having low caffeine content, high drought tolerance and resistance to leaf-miner (Clarke and Macrae, 1988) , and has been used in breeding programs for introgression of important agronomic traits to C. arabica (Guerreiro et al., 1991) .
The cultivation of the Arabica coffee began about five hundred years ago in Yemen and reached the southeast of Asia approximately in 1700. In the beginning of the 18 th century, progenies of a single plant were taken from Indonesia to Europe and later to America (Chevalier and Dagron, 1928; Carvalho, 1945) . Originating from other introductions that took place from Yemen to Brazil, seeds of two different cultivars, Typica and Bourbon, constitute the main genetic basis of all cultivated coffee planted in Brazil and other countries (Krug et al., 1939; Carvalho et al., 1993) .
Coffee has long been bred with the view of improving important agronomic characteristics such as flowering, yield, bean size, cup quality, caffeine content and disease and drought resistance. Despite solid efforts, the progress in coffee breeding using conventional approaches has been slow due to many factors such as the narrow genetic basis of cultivated coffee, the lack of genetic markers and efficient screening tools, as well as the long time taken for generation advancement.
The recent development of applied technologies in biology is leading to an enormous production of information in the area of plant genomics, through the sequencing of different organisms. Large-scale sequencing of cDNAs to produce Expressed Sequence Tags (ESTs) and comparing the resulting sequences with public databases has become the method of choice for the rapid and cost-effective generation of data on the coding capacity of genomes and for the potential identification of new genes. For the same reason, several sequencing projects of plant species, such as the Sugar Cane EST Genome Project (SUCEST) accomplished by the ONSA group (Organization for Nucleotide Sequencing and Analysis) (Arruda, 2001 ) have been carried out in Brazil.
Coffea genomes are large in comparison with the current plant models, Arabidopsis and rice. While the coffee genome may probably have similarities to gene motifs already identified in small-genome plants, the larger genome size of coffee makes it unlikely to anticipate a complete genomesequencing effort of any species of the genus Coffea in the near future, despite the recent increases in DNA-sequencing capacity of modern equipment. Therefore, large-scale discovery, isolation and analysis of gene function in coffee and its relatives must rely on other, less direct methods. The partial sequencing of anonymous cDNA clones (Expressed sequence tags -ESTs) is a rapid and cost-effective method for generating data on the coding capacity of genomes and, for this reason, has become the fastest growing segment of the public DNA databases (Wolfsberg and Landsman, 1997) . In plants, the EST approach was initially used for the model species A. thaliana (Höfte et al., 1993) and rice (Yamamoto and Sasaki, 1997 ). Subsequently, a large variety of EST sequences from other species have been deposited in the dbEST (http: //www.ncbi.nlm.nih.gov/dbEST/). Recently, an EST database based on sequences from approximately 47,000 cDNA clones and with a special focus on developing seeds of C. canephora has also been released (Chenwei et al., 2005) .
The Brazilian Coffee Genome Project was designed to develop and deploy useful tools for gene discovery and functional genetic analysis in coffee and related species and to aid in the advance of knowledge on the structure and evolution of the coffee genome. The generated coffee EST database from C. arabica, C. canephora and C. racemosa resulted in the identification of more than 30 thousand different unigenes and will facilitate genetic studies on coffee. This basic information provides a very valuable resource for studies on the biology and physiology of coffee plants that will considerably enhance the isolation and characterization of important agronomic genes for genetic improvement of Coffea.
Project organization and goals
The Brazilian Coffee Genome Project was formulated in 2002 through a cooperative agreement signed between the The initial goal of this project was the development of a large database of ESTs, with a minimum of 200,000 reads and a Unigene set composed of 25,000 genes. Assuming that the number of gene motifs is similar among the angiosperm genomes, this number would theoretically represents about 2/3 of all the gene motifs present in the coffee genomes.
The infrastructure assembled for sequencing was already established by the AEG (Agriculture and Environment Genomes), a network of several laboratories located at different research institutions in São Paulo state, and funded by both FAPESP and Embrapa Recursos Genéticos e Biotecnologia, Brasília. Laboratories from these two groups were also responsible for supervising and coordinating all aspects of cDNA library construction, such as cDNA size selection, cloning, clone-picking and clone library storage, sequencing and sequence submission to the bioinformatics center. Each group was assigned the cloning and sequencing of 100,000 reads.
The Laboratório de Genômica e Expressão (LGE) of the State University at Campinas (http://www.lge.ibi.unicamp.br/ ) was designated as the central bioinformatics facility to house the Coffee Genome sequence database and coordinate all aspects related to sequence submission, performance and productivity of the sequencing groups, data storage, BLAST analysis and clustering. For safety reasons, a replica of the raw data was transferred to the Embrapa Recursos Genéticos e Biotecnologia's bioinformatics group.
Total cost of the project and the committed institutional efforts was shared among the CBP&D-Café, EMBRAPA and FAPESP in the proportions of 50 %, 25 % and 25 %, respectively. The access of the database is free for six public universities and research institutes linked to FAPESP and for organizations and research institutes that are members of the CBP&D-Café, which in turn grant the opportunity for free access to more than 700 scientists from 40 institutions that develop coffee research in Brazil through collaborative partnerships. Data access restrictions are applied to any other user of the EST database, subject to the approval of the Coffee Genome Project Directive Committee. For this purpose, specific contractual conditions have been established regarding intellectual-propriety rights derived from having access to this information.
cDNA libraries and sequencing
The Instituto Agronômico de Campinas (IAC), which possesses a significant germplasm collection of Coffea species, supplied the material for the construction of cDNA libraries covering a wide range of tissues, developmental stages, and plant material submitted to biotic and abiotic stress conditions. The cDNA libraries constructed by the AEG group used plant material from C. arabica cv. Mundo Novo and cv. Catuaí, while those constructed at Embrapa Recursos Genéticos e Biotecnologia were made from tissues and organs from C. arabica cv. Catuaí (table 1) . Also, EST libraries were made from tissues of C. canephora and C. racemosa lines belonging to the Instituto Capixaba de Pesquisa, Assistência Técnica e Extensão Rural (INCAPER) and IAC's collection, respectively.
Total RNA was extracted from coffee tissues at different developmental stages and also submitted to different stress conditions. Poly(A) + RNA was purified from total RNA using the Oligotex Kit (Quiagen), following the manufacturer's directions. The mRNA purity and integrity were estimated by absorbance at 260/280 nm and agarose gel electrophoresis. cDNA libraries were constructed using the SuperScript Plasmid System and Plasmid Cloning Kit (Invitrogen) with about 1-2 µg poly(A) + RNA. The efficiency of cDNA synthesis was monitored with radioactive nucleotides. cDNA were size fractionated on a Sepharose CL-2B column. Aliquots of each fraction were eletrophoresed in agarose gel to determine the size range of cDNAs. Fractions containing cDNA larger than 500 pb were ligated into pSPORT1 and pSPORT6 vectors (Invitrogen) at the SalI-NotI site. The resulting plasmids were transformed in E. coli DH10B or DH5α cells (Invitrogen) by electroporation.
Plasmid DNA was purified using a modified alkaline lysis method (Sambrook et al., 1989) . Sequencing reactions were conducted using the ABI BigDye Terminator Sequencing kit (Applied Biosystems). cDNA inserts were sequenced from the 5' end with T7 promoter primer (5'-TAATACGACT-CACTATAGGG-3') or M13 Rev in the pSPORT1 vector or with SP6 primer (5'-ATTTAGGTGACACTATAG-3') in the pSPORT6. Sequencing reaction products were analyzed on ABI 3700 sequencers (Applied Biosystems).
Picking of the clones and storage of stocks were carried out at the Brazilian Clone Collection Center (BCCC) in the case of libraries constructed by the AEG group. For the construction of all libraries, no procedure to eliminate differences in transcript representation was adopted.
Sequencing of coffee EST libraries was carried out by 25 laboratories located at Research Institutes and Universities belonging to the AEG system and at Embrapa Recursos Genéticos e Biotecnologia with 96-lane sequencers (ABI 3700), using standard protocols. Raw sequences and base confidence scores were obtained from chromatogram files using the program Phred . Sequences accepted in the project had more than 250 bases with Phred quality ≥ 20. The number of sequences collected for each library was determined by monitoring the redundancy level of produced sequences.
Bioinformatics and database construction
In general, bioinformatics of EST projects includes such services as the organization, storage, integration, and analysis of biological information. The objectives of the Laboratório de Genômica e Expressão (LGE) bioinformatics group were (a) to provide appropriate database methods for the data generated for the sequencing groups in São Paulo and Brasília; (b) to provide adequate security measures to ensure the integrity of the data; (c) to organize and present the data in such a way that authorized users can readily extract meaningful information from it and (d) to develop user-friendly interfaces to access the core data.
The first bioinformatics objective of the Brazilian Coffee Genome Project was to establish the means by which the various forms of the core data could be stored. The diverse sources of the sequences submitted required personnel that were knowledgeable in the nature of the data, as well as in the collection, manipulation, presentation and sharing of the bioinformatics data. There was also a need for security of the core data, which requires restricted access and backup, and there was a need for users to be able to access the data on demand. The second bioinformatics objective was related to the handling of core data to meet the needs of users. For this, a relational database was developed in order to record and readily access the core information. To keep costs to a minimum in a centralized databasing location while making the database amenable to a broad group of users, a MySQL database (http://www.mysql.com/) was preferred for the relational database. EST assembly and the viewing of assemblies, as well as consensus sequences were the prime goals in bioinformatics of the coffee genome project.
Delivery of the information produced by the Brazilian Coffee Genome Project can be retrieved via the internet at the project site (http://www.lge.ibi.unicamp.br/cafe/). The advantage of web-based delivery is that anyone with an internet connection can have access, but this advantage is counterbalanced by the risk of crashes of a single centralized facility and sometimes slow speed of information access. For these reasons, besides LGE, all the core sequence data is also maintained at Embrapa Recursos Genéticos e Biotecnologia bioinformatics group (http://www.cenargen.embrapa.br/ biotec/genomacafe/). Also, the possibility of handling the data by two different bioinformatics groups allows the development of derivatives of the core data (e.g., gene specific oligonucleotides, protein sequences, promoters, gene expression data etc) to meet the most frequent needs of users through databases that may be customized to take into consideration the preferences of coffee investigators.
Database analysis
For functional annotation of ESTs and categorization of contigs, the masked (http://www.phrap.com/) and trimmed sequences (Telles and da Silva, 2001 ) were compared with the protein sequences stored at NCBI databases (National Center for Biotechnology Information), particularly to the NR-(Non-redundant) database (http://www.ncbi.nlm.nih.gov/ blast/html/blastcgihelp.shtml#databases). Also, several off the shelf databasing and extraction tools were developed by the LGE team to fulfill many of the initial needs in coffee genomics. The procedures for submitting, processing, storing and analyzing the data are summarized in figure 2. An overall sequencing efficiency of 70 % was obtained, including failures due to false-positive vector-only clones, short-insert clones, low-intensity or no-labeling reads, lowquality reads etc. The final results of the sequencing of EST libraries done by 26 laboratories produced a total of 214,964 reads, distributed among the three Coffea species selected in the project. The quality of the submitted sequences is an important piece of information to validate a database. The majority of the ESTs analyzed at end of the sequencing stage of the Coffee Genome Project had lengths above 500 bp with Phred quality >= 20 (figure 3).
As for any EST project, unwanted sequences are produced such as ribosomal sequences, poly-A fragments, low quality and short sequences, and slippage that all needed to be remove to avoid the introduction of irrelevant information into the EST database. The trimming was carried out with reads from C. arabica, C. canephora and C. racemosa that resulted in 130,792, 12,381 and 10,566 sequences (respectively), with the number of removed sequences summarized in table 2 according to each class.
Clustering and assembly of these ESTs using the CAP3 program (Huang and Madan, 1999) was done separated by species, resulting in 14,886 clusters and 24,426 singletons from C. arabica, 2,147clusters and 4,622 singletons for C. canephora, and 949 clusters and 3,107 singletons for C. racemosa . Close to sixty percent of the 17,982 contigs and singletons presented a size length between 700 and 900 bp (figure 4). Due to the short-length attributes of part of the ESTs that had been produced, some singlets may have failed to merge into contigs and, therefore, the total number of "unigenes" might be overestimated. Of the contigs in C. arabica, the majority (86.7 %) was represented by two to ten ESTs. Due to the small number of clones for C. canephora and C. racemosa that were produced, the percentage of contigs with a higher number of ESTs in that range was superior to C. arabica (97.8 % and 97.5 %, respectively) (figure 5).
Regarding the cDNA libraries from C. arabica, C. canephora and C. racemosa, the sequences were analyzed for their similarity with known genes by BLASTX (Altschul et al, 1990) against NR (figure 6), considering 10 -5 for the E-value as threshold for identity. It is interesting to note that there is a very similar partition between known and unknown sequences (No hit NR) for the three species. Moreover, among the sequences that generated hits, a significant 1 0 0 -1 9 9 2 0 0 -2 9 9 3 0 0 -3 9 9 4 0 0 -4 9 9 5 0 0 -5 9 9 6 0 0 -6 9 9 7 0 0 -7 9 9 > 8 0 0
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Number of ESTs/contig on the three ontological principles of Molecular Function, Biological Process and Cellular Component and broad categories developed for plant gene annotations by the Gene Ontology (GO) Consortium (ftp://ftp.geneontology.org/go/ GO_slims/). C. canephora and C. racemosa had the same percentage of hits by GO (figure 7).
EST-based functional analysis
Coffee breeding, which is carried out through the traditional methods of hybridization and selection of superior progenies, has achieved relative success in satisfying the needs of the coffee industry. Certainly, the value of conventional breeding should not be overlooked, but linked efforts of both molecular techniques and traditional breeding can offer alternatives for making selective breeding more predictable and precise, reducing the time for obtaining new genotypes. Nowadays, the comprehensive examination of an organism that is afforded by functional genomics has changed the way one identifies genes and proteins with potential roles in a particular biological process without any a priori knowledge of their function. As with conventional breeding, the main objective is to describe and exploit the genetic diversity that is present in coffee species.
The access to coffee gene sequence information brings new perspectives and approaches to carry out biological research. Genome related databases, as the one made available by the Brazilian Coffee Genome Project, have become an invaluable asset for the scientific community to move onto the use of a number of these new technologies. Ultimately, through the use of the coffee EST dataset, genetic markers can be found for breeding programs, coffee genes can be cataloged in association with their location on the genome, the study of gene function and how activity of the gene products fits into complex metabolic pathways can be facilitated, and the regulation of the genes in response to different developmental and environmental stimuli can be examined holistically. The evaluation of certain characteristics of interest in coffee requires a great deal of time because it can only be carried out on coffee trees after 10-15 years. Particularly, in C. arabica, the limited genetic diversity present among elite cultivars planted all over the world is the consequence of few introductions (Pearl et al., 2004) . This lack of genetic variability in the gene pool of Arabica coffee limits the potential for germplasm improvement of this species. Therefore, finding new traits that add value to agricultural crops and their products has immense value in the agribusiness.
Due to the knowledge gathered on the coffee genome, these problems can be alleviated by searching for genetic markers closely linked to the candidate genes expressing these characteristics. The detection of such markers permits the screening of large numbers of coffee trees for a gene of interest when the plants are still at early stages of development and may reduce the number of backcrosses required to obtain quality traits (Lashermes et al., 1997) . Also, marker-assisted selection for important but complex traits, which are often difficult to select in routine breeding programs, will enhance coffee breeding programs in terms of better-focused problems and save time and resources. Molecular markers allow for the extension of conventional breeding methods with one important difference, that is the transfer of genetic information in a more precise and controlled manner. In coffee, molecular marker technology has already been implemented in germplasm characterization and management (Sera et al., 2003; Aga et al., 2005; Prakash et al., 2005; Maluf et al., 2005) , detecting gene introgression in breeding populations (Prakash et al., 2002; Prakash et al., 2004; Herrera et al., 2004) , describing coffee phylogeny with related species (Lashermes et al., 1999; Anthony et al., 2002) and in marker assisted breeding (Bertrand et al., 2001) .
Among the molecular markers currently available, the SSRs (Simple Sequence Repeats), or microsatellite, have been extensively used due to their resolution and polymorphism levels. These characteristics make these molecular markers efficient tools for the genetic mapping, linkage studies, genotype identification and conservation of germplasm, pedigree analyses, marker assisted selection, and analysis of DNA libraries for gene cloning (Rufino et al., 2005) . In coffee, the SSRs markers are not broadly used due to the limited numbers of primers presently available for this plant. The availability of massive amounts of coffee nucleotide sequence data will certainly offer an alternative to identify microsatellite motifs, which would be much more expensive through conventional laboratory protocols. In the coffee EST data set, a number of SSRs are present in transcripts that can now be readily mapped using existing breeding populations, and such studies are currently underway (Colombo and Caixeta, personal communication) . Furthermore, specific genes of interest can be studied for variation within coffee species, allowing their assignment to coffee linkage maps.
Coffee physical maps bridge gaps between genetic maps and gene location. In this way, the availability of coffee BAC libraries will make possible the alignment of physical and genetic maps, bringing along continuity from phenotype to genotype (Noir et al., 2004; Leroy et al., 2005) . Furthermore, the combination of EST database and BAC libraries may help to isolate genes through positional cloning.
One of the major objectives of the Brazilian Coffee Genome Project was to provide a tool for creation of transcriptional profiles as they appear in different tissues and as they change in response to development (GaspariPezzopane et al., 2005; Geromel et al., 2005) , biotic (Brandalise et al., 2005) and abiotic stresses (Vinecky et al., 2005) . To help accomplish these studies, it is necessary to have powerful technologies available that allow the analysis of mRNA transcription patterns of thousands of genes in a single experiment (Kuhn, 2001) .
Gene arrays (Lockhart and Winzeler, 2000) hybridized with mRNA populations from a variety of coffee tissues, organs and developmental stages may provide a genomewide database of the transcriptional changes during plant growth that ultimately determine resistance to pests and diseases, productivity, and quality attributes of the coffee trees and fruits. Using this screening method, solutions for specific agronomic constraints may be found not only through new cultivar development but also by changes in crop management, harvesting, and post-harvest practices. For the construction of arrays, a set of UNIGENE sequences has to be available for use in the analysis of temporal or spatial expression profiles. Recent work to devise a minimal clone set that represents all transcripts found in the Brazilian Coffee Genome Project was carried out by Sales et al. (2005) . In this effort, a single relational database containing close to 33,000 putative transcripts was organized, allowing its use in diverse platforms and languages.
Proteomics as used to identify proteins in complex mixtures is only effective when a sequenced and annotated genome is available or Unigene sets become established (Rounsley et al., 1996) . Proteomics is complementary to the ESTs because it also focuses on gene products. Proteomic studies consist of profiling the protein expression levels found in samples derived from different cultivars, tissue types, cultivation or post-harvest conditions in order to understand which proteins may be responsible for a trait of commercial significance, such as pathogens , stress tolerance (Vincent et al., 2005 ) and food quality (Hajduch et al., 2005) .
Proteomic characterizations of the coffee genotypes may also be used to validate results derived from DNA arrays and EST studies by verifying protein expression and thereby permit the subsequent coordination of gene transcription with protein expression. Such results can be used to establish baseline protein expression levels, and to identify constitutively expressed proteins that will be used as standards for comparing results derived from different cultivars or crop management conditions.
One of the effective ways to carry out studies on gene function at the morphological, biochemical and physiological level is to establish regulated expression systems of native genes in plants. The cloning of coffee regulatory sequences opens up the possibility of understanding the molecular mechanisms that regulate cellular/developmental processes and production of coffee metabolites at the biochemical and molecular levels, and provides the possibility of using regulatory elements to manipulate expression of entire metabolic pathways.
At the moment, only a few regulatory sequences for some coffee genes Gaitan, 2002, 2004; Marraccini et al., 1999 Marraccini et al., , 2003 Satyanarayana et al., 2005) have been identified. One of the most effective ways to obtain clones for promoter analysis of genes is from large insert genomic libraries. The construction of BAC libraries (Noir et al., 2004; Leroy et al., 2005) in addition to the already available EST sequences may greatly speed up the process of identification and isolation of important genetic control elements in coffee (promoters, enhancers, silencers etc). A highly efficient transformation system in coffee is an important complementary technology for evaluating promoter function.
Production of genetically modified plants is one of the techniques that opens new perspectives to coffee improvement, allowing the fast incorporation of desirable characteristics into elite cultivars. Despite the fact that the discussions on plant transformation are mainly centered on the commercial applications, for the scientific community, transgenic plants are important tools to study various aspects of plant sciences (Pereira, 2000) . The enormous amounts of DNA sequence information available in the coffee EST data set opens up new experimental opportunities for functional genomic analysis.
Although genetic transformation procedures for coffee have been established (Hatanaka et al., 1999; Leroy et al., 2000; Ribas et al., 2005) , the current technology has serious limitations, including low efficiency and throughput, which is still a key limitation for the widespread use of this technology (see: Genetic Transformation of Coffee, Ribas et al., in this issue) . Successful genetic transformation of coffee is still limited to characters controlled by major genes and to transgenic plants that have been produced for insect resistance (Leroy et al., 2000) , low caffeine content in seeds (Ogita et al., 2003) and herbicide resistance (Ribas et al., submitted) . Based on the current public understanding of this technology, characteristics with low variability in the Coffea gene pool or of great appeal to consumers, such as delayed fruit ripening, resistance to pests and diseases (e.g., coffee borer, nematodes, coffee berry disease, leaf rust, Xylella), tolerance to abiotic stress and enhanced health benefits such as disease-fighting compounds, are the main candidates for academic work in future years.
CONCLUSION
The Brazilian Coffee Genome Project briefly presented here provides the genomic tools required for applied research to address the various constraints associated with the economic production of the coffee industry, mainly regarding the development of new cultivars. When combined with progress made in the development of in vitro technologies required for genetic transformation, data made available by the Coffee Genome Project may place the development of coffee cultivars on the future research agenda through the use of these new genetic technologies.
It is our belief that the Coffee EST database will not be limited to cultivar development applications, but will make a decisive contribution to other applied supplementary applica-L.G.E. VIEIRA et al. tions such as transcriptional profiling and proteomic analyses, leading to a better understanding of the way plants cope with biotic and abiotic stresses. Practical problems faced by the coffee agribusiness, represented by farmers, roasters, processors, exporters and specialty coffee associations, such as control of pre-and post-harvest physiological factors involved in quality, disease and pests control, management of plant response to water deficit, and elevated production costs can be partially overcome by integrated efforts of genomics research and breeding. Also, improvements through coffee genomic research may result in increased consumption and better health value of the beverage through new value-added products derived from coffee (e.g., nutraceutics, oils and flavors).
Finally, with the use of the coffee EST set it may be predicted that the integration of gene discovery, marker development and gene deployment become routine practices in Brazilian coffee research programs. Currently, genome annotation is being carried out by different institutions of the CBP&D-Café to improve the information in the database of the Coffee Genome Project. Annotating EST records will allow the coffee scientific community to use EST databases as an opportunity for gene discovery. Further efforts by the Coffee Genome Project bioinformatics groups may include assembly of ESTs to form Unigene sequences, complete gene sequences, gene specific oligonucleotides, alignment of gene sequences with related genes from other organisms, grouping of genes according to expression pattern and function, genetic linkage maps and physical maps.
